Summary. The 
Introduction
The Booroola Merino ewe and its crossbreeds are some of the most prolific sheep known. The high fecundity of the Booroola ewe can be attributed to the presence of a major gene(s) influencing ovulation rate; up to 10 or 11 ovulations being recorded for individual ewes (Bindon & Piper, 1981; Davis, Montgomery, Allison, Kelly & Bray, 1982; Piper & Bindon, 1982) . The physiological basis of the high ovulation rate of these sheep is uncertain. It may be a consequence of higher concentra¬ tions of follicle-stimulating hormone (FSH) being present in the blood, and/or a greater sensitivity to FSH at the ovarian level, relative to ewes without the fecundity gene(s) (Cummins, O'Shea, Bindon, Lee & Findlay, 1983; Bindon et al., 1984; Kelly, Owens, Crosbie, McNatty & Hudson, 1984; Robertson, Ellis, Foulds, Findlay & Bindon, 1984) . Genetic differences in ovarian sensitivity to FSH, which might affect follicular maturation, could originate in the granulosa cells because these are the target cells for FSH action in the ovary. As follicles mature, the granulosa cells acquire receptors for luteinizing hormone (LH) (Webb & England, 1982) . Thus, any differences between the genotypes in sensitivity to FSH and follicular development may be reflected in granulosa cell responsiveness to FSH and LH. Both FSH and LH, when interacting with their specific plasma membrane receptors on granulosa cells, stimulate production of adenosine 3',5'-monophosphate (cAMP) , which mediates the intracellular actions of these gonadotrophins (Weiss, Seamark, Mclntosh & Moor, 1976; Weiss, Armstrong, Mclntosh & Seamark, 1978) . Measurement of cAMP production by granulosa cells challenged in vitro with FSH and LH therefore provides a convenient index of their responsiveness to gonadotrophins. The purpose of this study was to compare the responsiveness to FSH and LH of granulosa cells from follicles of different size and health obtained throughout the preovulatory period from Booroola Romney ewes with and without the fecundity gene(s). In this way it was hoped to gain further insight into the underlying mechanism(s) which differentiate high and low fecundity Booroola ewes.
Materials and Methods
Sheep. Three Booroola genotypes have been defined on the basis of maximum ovulation rates from repeated observations (Davis et al., 1982 (Eagle, 1959) (McNatty et al., 1982 or ovine LH (NIADDK-oLH-23) was added in 0-5 ml DBS-BSA to give a final concen¬ tration of gonadotrophin ranging from 0 to 1 µg/ml. The tubes were capped and incubated at 37°C for 1 h in a shaking water bath before being transferred to an 80°C water bath for 15 min. Some tubes were transferred directly to the 80°C bath so that the endogenous cAMP content of the cells at zero time could be determined. All the tubes were frozen ( -20°C) until assayed for cAMP by radioimmunoassay. Preliminary studies showed that cAMP production by granulosa cells incubated at 37°C was constant for 2 h.
For determination of aromatase activity, aliquants of cells (60 to 600 IO3) in 0-5 ml Medium were pipetted into 10 75 mm plastic tubes containing 0-5 ml of a solution of testosterone (2 µg/ml) in Medium B. The tubes were gassed with 5% C02 in air, capped and incubated for 3 h at 37°C in a shaking water bath. At the end of the incubation, the tubes were snap frozen to -70°C.
Subsequently the tubes were thawed, centrifuged for 15 min at 1500# and the supernatants were assayed for oestradiol-17ß. Preliminary studies indicated that the aromatase reaction was constant for the first 3 h for granulosa cells from all atretic and most non-atretic follicles. However, with cells from some large, non-atretic follicles the reaction was only constant for the first 2 h. Therefore, the aromatase activity of cells from some large, non-atretic follicles may be underestimated by up to 20%. A 3-h incubation was preferable to 2h, however, to ensure that the low amounts of oestradiol-17ß produced by cells from small and/or atretic follicles could be accurately measured.
Using substrate concentrations > 1 µg testosterone/ml to increase oestradiol-17ß production by these cells was not practical because it produced unacceptably high blanks in the oestradiol-17ß radioimmunoassay.
cAMP assay. Ethanol (1 ml) was added to 01 ml of the sample for cAMP determination. Precipitated protein was pelleted by centrifugation at 2000 g for 15 min and the supernatant was poured off and evaporated to dryness under a stream of nitrogen. The residue was taken up in 005M-sodium acetate buffer (pH 6-2) and aliquants were assayed for cAMP using 125I-labelled cAMP radioimmunoassay kits (New England Nuclear, Boston, U.S.A.); the acetylation step was included (Harper & Brooker, 1975) . Tritiated cAMP was used to monitor the recovery of cAMP after ethanolic extraction and the recovery was routinely > 90%. cAMP concentrations were nor¬ malized with respect to recovery and number of granulosa cells in the incubation, and the results were expressed as pmol cAMP/106 cells. The intra-and inter-assay coefficients of variation were 8% and 14% respectively.
Oestradiol-17ß assay. Aliquants of granulosa cell incubation media were assayed directly, without extraction, for oestradiol-17ß using a specific radioimmunoassay described previously (McNatty, Gibb, Dobson, Thurley & Findlay, 1981; McNatty et al., 1982) . Steroids showing > 1% cross-reactivity with the oestradiol-17ß antiserum (WA-27) were oestrone (7-3%) oestriol (1-4%) and oestradiol-17a (1-4%). The sensitivity of the assay (per tube) was 5 pg. The intra-and inter-assay coefficients of variation were < 11%. variance was indicated by Bartlett's test, the data were transformed to logarithms to equalize the variances before statistical analysis. In these instances, the data have been presented as geometric means together with 95% confidence limits. The level of significance was set at < 005.
Results
Ovulation rate and number offollicles in F+ and + + ewes
The mean ovulation rate of each genotype was 11 +01 (s.e.m.) for + + ewes and 3-3 ± 0-3 for F+ ewes (n = 21). Table 1 shows the distribution of follicles in each genotype with respect to follicular diameter. The ovaries of F + ewes contained significantly fewer follicles of > 2-3 mm (P < 005) and > 5mm (P < 0-001) diameter than did + + ewes, and significantly more (P < 005) of > 3-4mm diameter. In ewes of both genotypes, the number of follicles at each diameter was independent of the time after cloprostenol treatment. (Table 4) . Bias in the 2 analyses was avoided by adding together the number of granulosa cell samples in the two columns for cAMP production^1 0 pmol/106 cells in response to FSH, or 4 pmol/106 cells in response to LH. (Richards, 1979) . Granulosa cell responsiveness to FSH was independent of time after treatment with cloprostenol in F + ewes, but not in + + ewes (Table 2 ). Perhaps differences between the genotypes in plasma FSH concentra¬ tions during the preovulatory period may account, in part, for this genotypic difference in granulosa cell responsiveness to FSH.
Studies in the rat indicate that a major action of FSH on granulosa cells, which is thought to be mediated through cAMP, is the induction/activation of the aromatizing enzymes necessary for oestradiol-17ß biosynthesis (Hillier, 1981; Wang, Hsueh & Erickson, 1982 (Table 4) . Perhaps in these instances, although the FSH receptors were coupled to adenylate cyclase, the adenylate cyclase was uncoupled from the aromatase enzyme system. A significant positive relationship also existed between granulosa cell aromatase activity and cellular responsiveness to LH (Table 4) . It is uncertain whether the increase in aromatase activity may be a cause (Richards, 1979) or a possible consequence (McNeilly, Fraser & Baird, 1984) of the increased cellular responsiveness to LH.
Follicles containing granulosa cells very responsive to LH were found in ewes of both genotypes at all of the times studied, in the luteal and follicular phase (Table 2) . However, the response to LH was dependent upon the health (Table 3) (Henderson, 1979) . The degree of maturation of a follicle may therefore be assessed by the responsiveness of its granulosa cells to LH. In the present study, the highest mean production of cAMP in response to an LH stimulus occurred in granulosa cells from follicles of > 3-4 mm diameter in F + ewes. In contrast, in + + ewes, it required cells from follicles > 4 mm diameter to attain a similar mean production of cAMP (Text- fig. lb ). Granulosa cells also acquire maximum aromatase activity in follicles of smaller diameter in F + ewes than in + + ewes (McNatty et al, 1985) . This may be a consequence of the maximum response of granulosa cells to FSH also being acquired at a smaller diameter (Text- fig. la al, 1985) , hence the ovulation rate can be higher than that of + + ewes. The notion of follicles ovulating at a smaller diameter in F + ewes is consistent with the observation that the corpora lutea of F + ewes are smaller than those of + + ewes (Kelly et al, 1984; McNatty et al., 198 5) . Why follicles in F + ewes should attain ovulatory maturity at a smaller diameter than those of + + ewes is not known. It may be a conse¬ quence of follicles maturing faster in F + ewes because they are exposed to higher concentrations of circulating FSH , and/or because the fecundity gene(s) influences some ovarian intracellular rate-limiting step which controls the rate of follicular maturation.
